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COMPLETE SPECIFICATION. 

Improvements in and relating to Clutches Adapted £or Use in 
Gear-Change Mechanisms. 



I, Melvin Harry Woodward, a Citizen 
of the United States of America, of Marg- 
ery Wood, Margery Lane, Lower Kings- 
wood, Surrey, England, do hereby declare 

.5 the invention, for which I pray that a patent 
may be granted to me, and &e method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement: — 

10 The present invention concerns improve- 
ments in and relatmg to clutches adapted for 
use in gear-change mechanisms, and in par- 
ticular to an improved dental clutch there- 
for. 

15 It is well Icnown to connect a driving 
shaft, for instance the crankshaft of an auto- 
mobile engine, to a driven shaft, such as the 
transmission shaft of the automobile, 
through a main clutch and a gear box, the 

20 gear box containing a plurality of gear trains 
of which only a selected one gear train is 
connected to the driven shaft at any particu- 
lar time, a change of gear ratio being ob- 
tained when one gear train is disengaged 

25 and another gear train is selected and en- 
g^ed in its stead. Before the selected gear 
train can be engaged with the driven shaft, 
that part of it (one element of a d^tal 
clutch) which is to be engaged with a co- 

30 operating element of the dentel clutch which 
rotates with the driven shaft must be syn- 
chronised wtih the driven shaft, and it is 
well known to provide, for rotation with 
the respective elements of the dental clutch, 

35 two co-operating parts of a synchronising 
friction clutch which, just before the said 
dental clutch becomes engaged, engage one 
another and accelerate or decelerate the 
said one element of the dental clutch to syn- 

40 chronise it with the co-operating element 
This acceleration or deceleration of the one 

[Price 3s, 6d,] 



dental clutch element takes place whilst the 
main clutch is disengaged, and requires an 
appreciable interval of time since the inertia 
to be overcome by the synchronising clutch 
is that not only of the said one element of 
the dental clutch but of the whole gear train, 
extending back to the disengaged plate of 
the main clutch, which has been selected, 
and also of the disengaged main clutch plate 
itself and of the other gear trains rotated 
thereby. Reduction of the synchronising 
time interval, during which the main clutch 
roust not be re-engaged, could only be 
achieved in such a known arrangement by 
increasing the size of the synchronising 
clutch and thereby increasing the torque 
which it can transmit from the driven shaft 
to the said one element of the dental clutch 
of the selected gear train. 

It is an object of the present invention 
to provide an arrangement in which the 
inertia to be overcome by the synchronis- 
ing clutch is minimised, thus permitting a 
more rapid gear change without requiring 
an enlargement of the synchronising clutch. 

According to the invention, there is pro- 
vided a dental clutch having two co-operat- 
ing dental dutch elements which are lotat- 
able independently of one another and 70 
mutually displaceable axially relative to one 
another for engagement and disengagement 
of the clutch, wherein one of the said dental 
clutch elements constitutes part of a free 
wheel device which also comprises a further 
free wheel element which can over-run the 
said one dental clutch element in one rota- 
tional direction and which is provided with 
longitudinal disposed teeth and with a first 
friction dutdi element, and wherein there 
is provided, axially displaceable relative to 
the other of the said dental clutch elements 
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and to the said further free-wheel dement, 
a synchronising element whidi is provided 
with a second friction dutch element for 
engagem«it with the said first friction dutch 
5 element and which is in splined engagement 
with the said other dental clutch element, 
the said other dental clutch element being 
provided with longitudinally disposed 
splines which engage with the said syn- 

10 dironising element and whidi are also 
adapted to engage the teeth of the said 
further free whed element 

Normally the s^d other dental dutdi ele- 
ment and the said syndironising element 

15 will each be mounted on, and in longi- 
tudinal splined engagement with, a shaft for 
rotation therewith. 

Conveniently, the said one dental clutch 
element is secured on, or otherwise in fixed 

20 relation with, a gear wheel which is freely 
rotatably mounted on the shaft, and the said 
further freewheel element is also freely 
rotatably mounted on the shaft- 
Preferably the said other dental clutch 

26 element is of annular shape and encloses 
an annular space surrounding the said shaft, 
the said space being closed at one end by 
the said other dentsd clutch element and at 
the other end by the said synchronising ele- 

30 ment. the said sjmchronising element being 
in engagement with both the shaft and the 
said other dental clutch element, and there 
is provided on the shaft, at a longitudinally 
fixed position thereof, a reaction piston 

35 which engages the said other clutch dement 
and divides the said annular space into two 
compartments, there being provided in com- 
munication with each of the two compart- 
ments a respective duct through which 

40 hydraulic fluid can be supplied thereto and 
exhausted therefrom. 

A preferred embodiment of a dental 
clutch, and part of a transmission system, 
according to the invention is illustrated in 

45 the diagrammatic drawing accompanying 
the Provisional Specification. 

In the drawing, a shaft 11 is to be driven 
from a motor or other driving means not 
shown. A gear wheel 12, which is mounted 

50 by means of a ball bearing 13 to be freely 
rotatable on the shaft, is provided with 
peripheral teeth for engagement direct or 
through a gear train (not shown) with a 
driven clutdi plate of a main clutdi (not 

55 shown) of \(^idi the driving plate is rotated 
by the driving means. Bolts 14 secure to 
the gear wheel 12 one part, an outer ele- 
ment 15. of a freewheel device of which a 
further, inner, element 16 is moimted by a 

60 roller bearing 17 for free rotation about the 
shaft 11. Between the freewheel outer and 
inner elements 15 and 16 are provided 
rollers or cams 18 of any loiown and suit- 
able kind for the purpose, which, in one 

455 sense of rotation of the outer element 15, 



cause the inner and outer elements to be 
locked together and to rotate as one. The 
inner and outer dements 15 and 16 are 
provided with teeth 19 and 20 and the inner 
element 16 is provided with a friction ring 70 
21, constituting a first friction dutch de- 
ment. The outer race 15 of the freewheel 
device constitutes, with its teeth 20, one ele- 
maat of a dental dutch. 

The shaft 11 is formed with splines 22 75 
and 23. The splines 22 are engaged by cor- 
responding splines 24 of a synchronising 
d^nent 25 which is provided with a second 
friction dutch element in the form of a fric- 
tion ring 26, for engagement with the fric- 80 
tion ring 21. and with outer splines 27. 
Surrounding the synchronising element 25 
and the shaft 11 is a cylinder 28 which at 
one end is formed with splines 30 engaging 
the splines 23 of the shaft 1 1 and at its other S5 
end is formed with splines 29 engaging the 
splines 27 of the synchronising element 25. 
By this arrangement, the shaft 11, synchron- 
ising element 25 and cylinder 28 are con- 
strained to rotate together but are permitted 90 
each to be displaced axially relative to the 
others. The generally annular cylinder 28 
encloses an annular space, surrounding the 
shaft 11. which space is divided into two 
compartments 31 and 32 by a reaction 95 
piston 33, provided with a sealing ring 34 
and secured against axial movement on the 
shaft 11 by two drdips 35. Bores 36 and 
37 in the sh^t 11 communicate with tlie 
compartments 31 and 32 respectively. 100 

The teeth 19 and the splines 27 are com- 
patible with one another, and the splines 29 
are adapted to engage either with one or 
with both. The cylinder 28 is further pro- 
vided with outer teeth 38 for engagement 105 
with the teeth 20, and constitutes the other 
element of the dental clutch of which one 
element is constituted by the outer race 15 
of the freewheel device. It will be seen that 
the cylinder 28 can also engage the inner 110 
freev/heel element 16 or both the elements 
15 and 16 together. The synchronising ele- 
ment 25 and the friction rings 26 and 21 
constitute a synchronising dutch for the 
inner freewheel dement 16. 115 

In explaining the operation of this em- 
bodiment of the inventiojEi, it will be 
assumed that the gear wheel 12 is rotated 
througji a main clutch and one gear train 
of a gear box (not shown), by the driving 120 
means (not shown) in the clockwise direc- 
tion as viewed from the left of the draw- 
ing. In accordemce with this assumption 
the freewheel device which includes the ele- 
ments 15 and 16 is arranged to permit the 125 
race 16 to rotate freely, in the clockwise 
direction, relative to the race 15. Now 
assume that the shaft 11 is already rotating 
at a certain speed in the clockwise direction, 
having been driven through another gear 130 
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train (not shown) which has just been dis- 
engaged, and assume that the said other 
gear train provided a higher gear than that 
obtained through the gear train with which 
5 the gearwheel 12 is in mesh. Then, if the 
driving means continues with the same 
speed of revolution as when the higher gear 
v/as engaged, it will be rotating the gear 
wheel 12, and hence the inner freewheel ele- 
10 ment 16 through the rollers or cams 18. at 
a slower rate than that at which the shaft 
11 is rotating. 

To dutch the gear v/heel 12 to the shaft 
11, hydraulic fluid under pressure is fed 
15 through the bore 36 into the compartment 
31, the compartment 32 being open to ex- 
haust. The fluid pressure acts immediately 
on the synchronising element 25, displacing 
It to the left in the drawing, so that the 
20 friction rings 26 and 21 engage one another, 
tending to accelerate the inner freewheel 
element 16 in the cloclcwise direction. Since 
the element 16 is free to rotate in this direc- 
tion relative to the outer freewheel element 
25 15, the inertia to be overcome by the syn- 
chronising element 25 is only that of the 
inner freewheel element 16. which thus very 
rapidly becomes synchronised with the ele- 
ment 25 and thus with the shaft 1 1 and the 
30 cylinder 28. The fluid pressure in the com- 
partment 31 also acts on the cylinder 28 to 
displace it to the left, but due to the greater 
inertia of the cylinder 28 (as compared with 
^t of the element 25) and to the smaller 
35 area it presents to the fluid pressure, it moves 
more slowly than the element 25. Accord- 
ingly, when the cylinder 28 has moved to 
the left sufficiently for its splines 29 to begin 
engaging the teeth 19 of the inner freewheel 
40 element 16, synchronisation of the inner 
element 16 with the element 25 has already 
taken place and engagement of the splines 
29 and teeth 19 follows without difficulty. 
Whilst this engagement is taking place, the 
45 inner freewheel element 16 is overrunning 
the outer element 15, but as soon as the 
engagement has occurrd, the driving means, 
and hence the gear wheel 12, are acceler- 
ated to rotate the freewheel elements 15 and 
50 16 at increasingly nearly equal speed. On 
continued movement to the left of the cylin- 
der 28. the teeth 38 engage the teeth 20, and 
the gear wheel 12 is Sien positively locked 
to the shaft 11 to prevent relative rotation 
55 in either direction. It will be noted that 
the only element which has been synchron- 
ised by the synchronising clutch is the free- 
wheel inner element 16, all the other ele- 
ments being synchronised by the power of 
60 the driving means as it is accelerated. 

The foregoing explanation of the opera- 
tion of the mechanism has been with refer- 
ence to "changing down", when it is advan- 
tageous that transmission of power should 
H5 be'interrupted for as short a time as possible. 



In fact, in changing down it is only neces- 
sary to disengage the main clutch for an 
instant to allow disengagement of the higher 
gear, so that the throttle may be held open 
without interruption. Apphcation of fluid 70 * 
pressure in the compartment 31 is arranged 
to begin as the hi^er gear is disengaged, 
and engagement of the cylinder 28 and 
inner freewheel element 16 follows as des- 
cribed above during the interval vdiich is 75 
required, after the main clutch has been re- 
engaged, for acceleration of the driving 
means, the flywheel, the mam clutch and 
the gear wheel 12 to the increased speed at 
which they will have to rotate to prevent 80 
overrunning of the freewheel device. It 
may be desirable to disengage the main 
clutch briefly for a second time to allow the 
teeth 38 and 20 to engage one another easily 
whilst no torque is being transmitted 85 
through them. The whole gear change may, 
however, be effected without any throttling 
down of the driving means, because the 
interval or intervals during which the main 
clutch is disengaged are so short. 90 

If the illustrated gear train is to be en- 
gaged after a lower gear has been engaged, 
it is of course, necessary to throttle the 
driving means in the normal manner, since 
in the new gear the driving means will 95 
initially be required to rotate more slowly 
than before the gear change. With a gear 
train of the kind illustrated, the driving 
means will be throttled down vmtil its speed 
is slightly less than that required for syn- 100 
chronisation, so that briefly the freewheel 
device will overrun as in the case of chang- 
ing down. 

To disengage the illustrated gear train, 
the compartment 31 is opened to fluid ex- 105 
haust through the bore 36, and the com- 
partment 32 is placed in communication 
through the bore 37 with the source of 
hydrauhc fluid under pressure. This causes 
the cylinder 28 to move to the right in the 110 
drawing, so that first the teeth 20 and then 
the tee3i 19 are disengaged. Preferably the 
ring 25 is provided with a stop 39 which is 
engaged by the cylinder 28 which then 
draws the ring 25 to the right to disengage 115 
the friction rings 21 and 26 from one an- 
other. 

It will be appreciated that for operation 
of the illustrated embodiment of the inven- 
tion a source of hydraulic fluid under 120 
pressure is required as well as control means 
for connecting one of the bores 36 and 37 
to the source and for simultaneously con- 
necting the other to fluid exhaust. How- 
ever, such control means are well known 125 
and understood by those slcilled in the art 
and no further description thereof will be 
required in this Spedification, except to note 
that for each of the plurality of selectable 
gear trains provided ui a gear box there 130 
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will preferably be provided a denial dutch 
according to the invention and the control 
means will then be such that only one of 
the clutches can be actuated at any one 
5 time, each other such clutch being po^vdy 
disengaged. 

WHAT I CLAIM IS:— * 
1. A dental clutch having two co-operat- 
ing dental clutch elements which are rotat- 

10 able independently of one another and 
mutually dlsplaceable axially relative to one 
another for engagement and disengagement 
of the clutch, v/herein one of the said dental 
clutdi elements constitutes part of a free- 

15 wheel device which also comprises a further 
freewheel element which can overrun the 
said one dental clutch element in one rota- 
tional direction and which is provided v/ith 
longitudinally disposed teeth and with a first 

20 friction clutch element, and wherein there 
is provided, axially displaceable relative to 
the other of the said dental clutch elements 
and to the said further freev/heel element, a 
synchronising element v/hich is provided 

25 with a second friction clutch element for 
engagement v/ith the said first friction clutch 
element and which is in splined engagement 
with the said other dental clutch element, 
the said other dental clutch element being 

30 provided v/ith longitudinally disposed 
splines which engage with the said syn- 
chronising element and which are also 
adapted to engage the teeth of the said 
further freev/heel element. 

35 2. A clutch element as claimed in Qaim 
1. wherein the said other dental clutch ele- 
ment is mounted on. and in longitudinal 
splined engagement with, a shaft for rota- 
tion therewith. 

40 3. A clutch as claimed in Claim 2, 
wherein the synchronising element is 
mounted on. and in longitudinal splined en- 
gagement with, the said shaft for rotation 
herewith. 



4. A clutch as claimed in Qaim 2 or 45 
Claim 3. wherein the said other dental 
dutdh element is of annular shape and en- 
doses an annular space surrounding the said 
shaft, the said space being dosed at one end 

by the said other dental dutch element and 50 
at the other end by the said synchronising 
element the said synchronising element be^ 
ing in engagement with both the shaft and 
the said other dental clutch element, and 
wherein there is provided on the shaft, at 55 
a longitudinally fixed position thereof, a 
reaction piston v/hich engages the said other 
dental clutch element and divides the said 
annular space into tv/o compartments, there 
being provided in communication with each 60 
of the two compartments a respective duct 
through which hydraulic fluid can be 
supplied thereto and exhausted therefrom. 

5. A clutch as claimed in any of Claims 

2. 3 and 4, v/herein the said further free- 65 
v/heel element is freely rotatably mounted 
on the said shaft. 

6. A clutch as claimed in any of Qaims 
2 to 5, wherein the said one dental clutch 
element is positioned fixedly relative to a 70 
gearwheel which is freely rotatably 
mounted on the said shaft 

7. A clutch as claun^ in any of the pre- 
ceding claims, wherein the said one dental 
clutch element is the final element of one of 75 
a plurality of gear trains comprised by a 
gearbox. 

8. A dental clutch substantially as des- 
cribed herein with reference to the drawing 
accompanying the Provisional Spedfica^ SO 
tion. 

R. G. C. JENKINS Sc CO., 
Chartered Patent Agents, 

1 Quality Court, 

Chancery Lane. 

London. W.C.2. 
Agents for the Applicant 



PROVISIONAL S 

Improvements in and relating i 
Gear-Change 

I, Melvin Harry Woodward, a Qtizen 
of the United States of America, of Marg- 
ery Wood, Margery Lane. Lower Kings- 
85 wood. Surrey, England, do hereby dedare 
this invention to be described in tb& follow- 
ing statement: — 

The present invention concerns improve- 
ments in and relatmg to g^ar-change mecha- 
90 nisms. 

It is well known to connect a driving 
shaft for instance the crankshaft of an auto- 



to dutches Adapted for Use in 
Mechanisms. 

mobile engine, to a driven shaft such as the 
transmission shaft of the automobile, 
through a main clutch and a gear box. the 05 
gear box containing a plurality of gear trains 
of \iiiich only a selected one gear train is 
connected to the driven shaft at any par- 
ticular time, a change of gear ratio being 
obtained v/hen one gear train is disengaged 10(i 
and another gear train is selected and en- 
gaged in its stead. Before the selected gear 
train can be engaged with the driven shaft, 
that part of it (one element of a dental 
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dutch) v/tddti is to be engag^ with a co- 
operatmg element of tiie deatal clutdbt 
secured on the drivai shaft must be syn- 
chronised with the dnv^ shaft, and it is 
well known to provide, for rotation with the 
respective elements of the dental dutch* two 
co-operating parts of a synchronising fric- 
tion brake which, just before the said dental 
dutch becomes enga^, engage one an- 
other and accelerate or decelerate the said 
one element of the dental clutch to syn- 
chronise it with the co-operating dement. 
This acceleration or deceleration of the 
dental clutch element takes place whilst the 
main clutch is disengaged, and requires an 
appredable interval of time since the inertia 
to be overcome by the synchronising brake 
is that not only of the said one element of 
the dental dutch but of the whole gear 
train, extending back to the disengaged plate 
of the main clutch, which has been selected, 
and also of the disengaged main dutch 
plate itself and of the other gear trains 
rotated thereby. Reduction of the syn- 
chronising time interval, during which the 
main clutch must not be re-engaged, could 
only be adiieved in such a loiown arrange- 
ment by increasing the size of the synchron- 
ising brake and thereby increasing the 
torque v/hich it can transmit from the driven 
shaft to the said one element of the dental 
clutch of the selected gear train. 

It is an object of the present invention to 
provide an arrangement in which the inertia 
to be overcome by the synchronising brake 
is minimised, thus permitting a more rapid 
gear change without requiring an enlarge- 
ment of the synchronising brake. 

An embodiment of a transmission system 
according to the invention is shown in part 
(only one of an assumed plurality of select- 
able gear trains being illustrated) in the 
accompanying diagrammatic drawing. 

In the drawing, a shaft 11 is the shaft to 
be driven from a motor or other driving 
means not shown, A gear wheel 12, which 
is mounted by means of a ball bearing 13 
to be freely rotatable on the shaft is pro- 
vided with peripheral teeth for engagement 
direct or through a gear train not shown 
with a driven clutch plate of a main clutch 
(not shown) of which the driving plate is 
rotated by the driving means. Bolts 14 
secure to the gear wheel 12 an outer race 
15 of a freewheel device of which an inner 
race 16 is mounted by a roller bearing 17 
for free rotation about the shaft 11. Be- 
tween the freewheel outer and inner races 
15 and 16 are provided rollers or cams 18 
which, in one sense of rotation of the outer 
race 15. cause the inner and outer races to 
be locked together and to rotate as one. The 
inner and outer races 15 and 16 are pro- 
vided with teeth 19 and 20 and the iimer 
race 16 is provided with a friction ring 21. 



The shaft 11 is formed with splines 22 
and 23. The splines 22 are engaged by cor- 
responding splines 24 of a ring 25 wludi is 
provided with a friction ring 26. for oigage- 
ment with the friction ring 21, and with 
outer splines 27. Surrounding the ring 25 and 
the shaft 11 is a cylinder 28 whidi at one 
end is formed with splines 29 engaging the 
splines 27 of the ring 25 and at its other 
end is formed with splines 30 engaging the 
sphnes 23 of the shaft 11, By this arrange- 
ment, the shaft 11. ring 25 and cylinder 28 
are constrained to rotate together but are 
permitted each to be displaced axially rela- 
tive to the others. The interior of the 
cylinder 28 is divided into two compart- 
ments 31 and 32 by a reactor piston 33, pro- 
vided with a sealing ring 34 and secured 
axially on the shaft 11 by two cirdips 35. 
Bores 36 and 37 in the shaft 11 conununi- 
cate with the compartments 31 and 32 res- 
pectively. 

The teeth 19 and the splines 27 are com- 
patible with one another, and the splines 29 
are adapted to engage either with one or 
with both. The cylinder 28 is further pro- 
vided with outer teeth 38 for engagement 
with the teeth 20. Thus the cylinder 28 is 
one element of a dental clutch of which the 
other element is the inner race 16 or the 
outer race 15 or both the races 15 and 16 
together. The ring 25 and the friction rings 
26 and 21 constitute a synchronising brake 
for the inner race 16. 

In explaining tlie operation of this em- 
bodiment of the invention, it will be 
assumed that the gear wheel 12 is rotated 
by the driving means (not shown) in the 
clockwise direction as viewed from the left 
of the drawing. In accordance with this 105 
assumption, the freewheel device which in- 
cludes the races 15 and 16 is arranged to 
permit the race 16 to rotate freely, in the 
clockwise direction, relative to the race 15. 
Now assume that the shaft 11 is already HO 
rotatmg at a certain speed in the clockwise 
direction, having been driven through an- 
other gear train (not shown) which has just 
been disengaged, and assume that the sold 
other gear was a higher gear than the gear 115 
illustrated. Then, if the driving means con- 
tinues with the same speed of revolution as 
when the higher gear was engaged, it will 
be rotating the gear wheel 12, and hence 
the inner race 1 6 through the rollers or cams 120 
18, at a slower rate than the shaft 11 is 
rotating. 

To clutch the gear wheel 12 to the shaft 
11, hydraulic fluid under pressure is fed 
through the bore 36 into the compartment 1^ 
31. the compartment 32 beine open to ex- 
haust. The fluid pressure acts immediately 
on the ring 25. displacing it to the left in 
the drawing, so that the friction rings 26 
and 21 engage one another, tending to 130 
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^pcdeiate the inner race 16 in the dockwise 
direction. Since the race 16 is free to rotate 
in this direction relative to the outer race 
15, the inertia to be overcoine by the syn- 
5 chronising clutch is only that of the inner 
race 16, which thus very rapidly becomes 
synchronised with the ring 25 and thus with 
the shaft 11 and the cylinder 28. The fluid 
pressure in the compartment 31 also acts on 

10 the cylinder 28 to displace it to tlie left, but 
due to [he greater inertia of the cylinder 
28 (as compared witli that of the ring 25) 
and to the smaller area it presents to the 
jluid pressure, it moves more slowly than 

15. the ring 25. Accordingly, when the cylin- 
der 28 has moved to the left suHiciently for 
lis splines 29 to begin engaging the teeth 19 
of the inner race 1(5. synchronisation has 
already taken place and engagement of the 

20 splmes 29 and teeth 19 follows v/ithout 
difficulty. Whilst this engag^ent is taldng 
place, the inner race 16 is overrunning the 
outer race 15, but as soon as the engage- 
ment has occurred, the driving means, and 

25 hence the gear v/heel 12, are accelerated to 
rotate the races 15 and 16 at increasingly 
nearly equal speed. On continued move- 
ment to the left of the cylmder 28, the teeth 
38 engage the teeth 20, and the gear v/heel 

30 2 is then positively locked to the shaft 11 
to prevent relative rotation in either direc- 
tion. It wiO be noted that the only ele- 
ment which has been synchronised by the 
synchronising brake is the race 16. all the 

35: other elements being synchronised by the 
power of tlie driving means as it is acceler- 
ated. 

The foregoing explanation of the opera- 
rion of the mechanism has been with refer- 

40: to "changing dov/n", when it is advan- 
lageous that ti-ansmission of power should 
be interrupted for as short a time as 
possible. In fact, in changing dov*ai it is 
only necessary to disengage the main clutch 

45- for an instant to allow disengagement of 
the higher gear, so that the Ihrottie may be 
held open v/ithout interruption. Applica- 
tion of fluid pressure in the compartment 
31 begins as the higher gear is disenaaged. 

50 and engagement of the cylinder 28 ancT inner 



race 16 follows as described above during 
the mten^ which is required, after the main 
clutch has be^ re-engaged, for acceleration 
of tlie driving means the flywheel, the main 
clutch and the gear wheel 2 to the increased 55 
speed at v/hich they v/ill have to rotate to 
prevent overrunning of the freewheel device. 
It may be desirable to disengage the main 
clutch briefly for a second time to allow the 
teeth 38 and 20 to engage one another. The 60 
v/hole gear change may, hov/ever. be 
effected v/ithout any throttling dov/n of the 
driving means, because the interval or inter- 
vals during v/hich the main clutch is disen- 
gaged arelo short. 6.5 

If the illustrated gear train is to be en- 
gaged after a lower gear has been engaged. 
It Is of course, necessary/ to throttle the 
driving means in the noririal manner, since 
in tlie new gear the driving means will 70 
initially be required to rotate more slowly 
than before the gear change. With a gear 
train of the kind illustrated, the driving 
means will be throttled down until its speed 
is slightly less than that required for syn- 75 
chronisation, so tliat brieSy the freewheel 
device will overrun as in the case of chang- 
ing down. 

To disengage the illustrated gear train, 
the compartment 31 is opened to fluid ex- 5?0 
haust through the bore 36. and the com- 
partment 32 is placed in communication 
through the bore 37 with the source of 
hydraulic fluid under pressure. This causes 
the cylinder 28 to move to the right in the 
drawing, so that first the teeth 20 and then 
the teeFh 19 are disengaged. Preferably the 
ring 25 is provided v/ith a stop 39 which is 
engaged by the cylinder 28 v/hich then 
drav/s the ring 25 to the right to disengage 90 
the friction rings 21 and 26 from one an- 
other. 
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